Ab initio treatment of ion-water molecule collisions with a three-center pseudo potential by Martínez, Pablo A. et al.
Ab initio treatment of ion-water molecule collisions with a
three-center pseudo potential
P. Mart´ınez, L. F. Errea 1, L. Me´ndez, I. Rabada´n
Laboratorio Asociado al CIEMAT de F´ısica Ato´mica y Molecular en Plasmas de Fusio´n
Departamento de Qu´ımica, mo´dulo 13, Universidad Auto´noma de Madrid
Madrid-28049, Spain
Synopsis We calculate electron capture cross sections in collisions of protons with water molecules, using two
simple ab initio approaches. The formalism involves the calculation of one-electron scattering wave functions and
the use of three-center pseudo potential to represent the electron H2O
+ interaction. Several methods to obtain
many-electron cross sections are considered.
Ion-water molecule collisions play an impor-
tant role in processes of interest in several ar-
eas such as plasma physics, astrophysics, atmo-
spheric physics and medicine. These applications
motivated several experiments [1, 2, 3, 4, 5] that
measured charge transfer, ionization and frag-
mentation cross sections.
Following our work in Ref. [6], we extend
some computational techniques, previously ap-
plied to ion-H2 collisions [7], to the treatment
of ion collisions with H2O using a three-center
pseudo potential to represent the interaction of
the active electron with the molecular ion H2O+,
and the use of asymptotically frozen molecular
orbitals. We explore the workings of two meth-
ods:
• In the first one (IPEM), the collision event
is described by means of a one-electron
scattering wave function, from which cross
sections are derived using the independent
particle model (IPM) approximation.
• In the second one (IPM-SEC), a multi-
electronic scattering wave function is ob-
tained by considering single and double ex-
citations from the ground state configura-
tion, while the IPM is used to evaluate the
hamiltonian integrals.
Calculations of H+ and He2+ with H2O are
carried out within the semiclassical eikonal ap-
proach, which assumes that the projectile follows
straight-line trajectories (R = b + vt) with im-
pact parameter b and velocity v; this naturally
accounts for the anisotropy of the target and the
orientation averaged cross sections are obtained
by considering ten different trajectory orienta-
tions.
As an illustration, we plot in Fig. 1 the ori-
entation averaged electron capture cross sections
in H++H2O collisions.
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Figure 1. Single electron capture cross sections in
proton-water collisions. Our calculations (lines) are
compared with experimental data (symbols).
References
[1] M. E. Rudd et al 1985 Phys. Rev. A, 31 492
[2] F. Gobet et al 2004 Phys. Rev. A, 70 062716
[3] J. B. Greenwood et al 2000 Astrophys. J., 529 605
[4] H. Luna et al 2007 Phys. Rev. A, 75 042711
[5] R Dagnac et al 1970 J. Phys. B, 3(9) 1239
[6] I. Rabada´n et al 2008 AIP Conf. Proc., 1080 98
[7] L.F. Errea et al 2000 J. Phys. B, 33 3107
1E-mail: lf.errea@uam.es
XXVII International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2011) IOP Publishing
Journal of Physics: Conference Series 388 (2012) 102034 doi:10.1088/1742-6596/388/10/102034
Published under licence by IOP Publishing Ltd 1
